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The sqrrrasrt.d qmmna scanner (SGS) is uaod
in many racilitics to assay low-density scrap
and waato qcnoratod in cho Cacilitios. Tho
procedures for usiaq tho sGS can C.SUSO a eoqa-
tiva uias if the samplo does not satisfy the
ass!urrptions mada in the method. Some proctss

Samples do not comply with tho assumptior+s.
This pap.: discusses tho effect of the presen{’o
of lumps on the SGS assay results, dascribos ~
method to dttect tho presence of lumps, and de-
scribc?s an approach to correct for the lumps.
other recent advances ~n SGS analysis are also
cl~sc~ssed.

1. IliTMXMJf31a

Seqmactad gamma scannlnq is a procedure
that was developed hy Lus Alamos National Labo-
ratory in the eariy 1970s.1 The procedure wab
developed t(> ansay the special nuclear matwriai
(SNM) ron~a,ned in Low-density scrsp and waste,
such aS pap@C Wip*S, q10v6S, and pl.s.tic con-

tainers, by lnoasurinq the qs.men.s emission rate.
The instrument based on this procedure, the $eq-
mented Gamma scsmne[ !SGS), is widmiy used in
the US M)il complex and in industry, and it la
manufactured by commercial vendors. Rmcertt
cimvelopments have led to modiflcat.iond in rha
hardware desiqn2 a.td in i.ba analysis pro<a
dures , This paper w~ll summarize tha ad~,an,.es
in SGS analysis procaduras,

11. ASSAT PEINCIPLSS

In the SGS procedure, three mochods have
traditionally bocn ●mployed co reduce the ef.
fects Of hetcrogonoity, l To improve the verti-
cal homogeneity, the sample is assayed seqment
bv segment, To improve the horizontal homogene-
ity, the sample is rotated durinq the assay of
each seqntont. A transmission measurement is
made on each seqrwnt to correct for the sample
act.enuation.

The seqnrontation alonq the verticai axis
of tho sample providas two beneCits. It is an
effective way of dealing with vertical nonuni-
formity in the assay samples, and it allows the
use of a single assay qcometry for ail sample
heiqhts.

Rotatinq tho sample is a way to reduce the
adverse eCfect OC radial inhomoqeneitles while
naintaini,lq the hiqhest possible count [at!?,
\chievinq a hiqh count rate requires the det.ec
*or to be positioned as closely as possible , I
t.,Ie sample, whereas a larqe ratio ,JC sample
cdiameter to detector distance krrtr~dure$ sub-
st,!ntial count rate d~pendenca upon radlai 1(1
homoqen?it~es in the sample,

For each seqment, ,je crverfill tran5m13.;: ),1
is m@aaured and then used to calculate an Itr-!i
‘Jar.ioq correction. Th@ fundamental Assumpr uns
hete .\re that thm mixture of SNM and mA?r ix i.I
teaxonably uniforn, and tha- the ~articlas dC SNM
arc smAll enouqh that se~f.at.tenuatlon .,, !,,,,

tha individual qernrna ray amit.filfiq part i,.in.i ,,![]
he iqno!ed. In *umnary, this ass~mpt l,}N it ,tf n,t

T.)1.Y?. the #anrp10 att!InurIt, lon i$ ,%harac, ta[ lt~$! ‘)y
s ~inqle lineat attenuation (,cIefCII.iP:lt ,

111. SIXIR(:tSS W BIAS



The end effect arises because only pa:t of
the gamma-ray beam Cr?m tho transmission source
is Intercepted by the sample material as the cop
or bottom of the sample material moves across
the collimator. A schematic ropr@sentation of
the end effect is shown in Fig. 1. An errone-
ously high transmission leade to an attocuation
correction factor that is too small. Conse-

quently, the corrected count from such a soq-
ment is low, which causes a noqativo bias in
the assay results. It is possible to minimise
the ●nd effect by requiring that the sample
depth he at least 6 times, but preferably more
than 10 times, the seqment ttiicxness. However,
in some operating Cacilitiee it is not practical
to require that all the waste cane b. Cilled to
at least a specified height.

The lump effect describes the situ.stion
when tho samples contain SN?4 in tho form of
lumps rather than beinq finely distributed. For
example, if the material ●mittinq the qamra rays
consists of lumps of uranium metal ●mbedded (n
a low-density matrix, the transmission measure-
ment would tend to reflect the attenuation of
the low-density matrix since it would dominate
the area of the sample seen by the transmission
source . However, the S14M gansea rays would be
attenuated mainly in the lumps of uranium metal

from which they arise, The attenuation correc-
tion factor would then be low, yieldinq an assay
value below tho actual value.

Iv. EKCK41T ADVAHCXS Ill SGS ANALYSIS

A. titbod of MtectIon and Corroctlon of.—.——
L-

On@ of the poesible methods to det~ct the
presence of lumps is t.o ●ssay the sample at mul-
tiple ●nerqias. If we assay tho sample with
several qamma-ray peaks of differnnt ●nerqlos,
the assay at the low-r enorqy will be more sup-
pressed by the pr~sence of lumps than will !.he
aasby at hiqher ●nerqy. This occurg because
the self-ubsocption is qreater for lowar-ene-gy
qemma rnya . ‘This LS ●mplained qr.sphically in
Fiq. 2 (or rho (“.sse of plutoniur-bearinq waste,

tkample
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Fiq. 2. This fiquce shows tho conventional SGS
assay of a plutonium sample containing lumps of
SNM ,

[t ie possible to ●ssay the wasto by means of

~=;~:a~”~:~~e~ry39 ~~~k~h~n~#.~~e .~~~-~~~
iower-enerqy peaks will bo suppress~d compara-
tively more than the assay with the 414-iroI’
peak. ‘ihe correction for lumps at the 414-keV
enerqy is what is ?ded; what can be meaaurod
is r.he fractional differences betwe~n tho peaks
at 129 and ~14 keV, botweeo 203 and 414 keV, @rrd
between 145 and ●14 keV. Each o? these three
fractional difforencns can be used to ●~timate a
Correction to t.hn J4L4-keV rebult,

Tho ~Cfect cf the lumps is aiSO shown in
Table I which tlla traditional SG.S aaaay of
samples f[om tha moIFon ●alt e~trection (Msc)
separation process IS shobri, Those salts nomi
nally cor,tain chunks of plutonium. Not.ica that.
for the standard, ~.he Is Slay rO*Ults from the
vnr inus enerqioa are in aqreemant , Howe~/*.
for the salt. samp!es, t.ha fls,sey rasu~,ts in !7QII
nt!*l inr[aase with gamma raf anir[qy, lrrrli,:at ln,~
the presence ()* lumps

Flq. 1. ~his fi,IurQ illustr fitem t ha I,allsa ‘) c
fhe and ●C(@(, t . rho maalurod tranmmisal,)n ,)C
t II* mt)d saqvratlt 1$ .sually !, II) hlqh,
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TABLE I

TTLADITIWAL SGS ASSAY Or IEE SALT%

S44MP19

ASH-l (standard)

RFMSE 3
nFMsE5
ARF876700
XSLP-267
XSLP-120
XBLP-270
XBLP-300
xal, P-Jul

129 keV

19.48 = 0.27

34.85 = 0.24
54.96 : 1.2

150.9 z 4.4
76.7 * 0,7
78.5 t 0.9
60.6 s 0.6

108.1 s 0,83
92.6 * 0.9

where X = ppD,

9 = mass attenuation coefficient,
P = density Of sphare. and
D . diameter of sphere.

203 keV

19,90 ~ 0.42

Using this expression, it is possible to calcu-
late the fraction of qansna rayc escaping from
the sphere at different enercjios. The lump cor-
rection factor is defined ,sI l/F. Since this
exprosriiorr is nonlinoar with respect to X, if
the lumps span a ranqe of sixes, tho correction
factor deduced from this cxpresaion may b.
slightly in ● rror. The fractional differences
and tho correspondiuq lump correction factors
are shown in Tablo II and in Fiq. 1.

TO deterrnino tho lump correction, tho SGS
system has to b. calibrated to standarda that
.sr* known to contain no lumps. With those cmlI-

43.60 ‘s 0.41
82.04 s 0.93

187.05 z 2.6
104.5 s 1.0

90.8 s 0.9
81.6 z 0.8

147.6 SO.9
134.86 x 1.2

DD

1.5
1
1,s
2,()
2,5
).0
1.5
4,0
5.()
6.[1
1,()
H,(I
1.()

1),1)

345 keV

19.72 z 0.23

47.51 z 0.26
109.19 : 0,43
;9.9,7 x 0.56
116.3 : 0.5

91.9 t 0.5
89.9 * 0.4

163.9.9 t 0.42
179.76 t 0.57

414 keV— —.

19.64 : 0.09

48.19 : 0.13
112.26 : 0.24
197.25 s 0.3L
116.7 :0.2

91.0 to.2
89.8 :0.2

163.94 : 0.21
186.0 :0.3

bration constants, the traditional SGS assay is
performed at different enerqies. This assumes
that the traditional corrections for matrix
attenuation, branchinq ratios, and couat rUte
effects havo already been made. Baaed on the
ratio of the results between a lower-enerqy as-
say and the 4L4-keV assay, a lump correction
can be applied to the 414-keV aaaay. If th~ re-
sults aqroe within the measurement error, there
will be no lump correction.

B. Kxtrapo latioa of Traeadssion.—

In the traditional SGS, fur tho 23QPU as.
say, the transmission ia meaaurod at the 400-keV

75s0 and aaa~ed to be the s~e at ‘hepeak of
414-koV peak of 239Pu,

ror 7ss,, th~re are otn. r stronq II arma
rays at 279 koV and 136 kaV: tho transmls,ions

TMLS 11

414-12) 414-201 *14-345
rrsct, I)iff. rract, DiCf, rract. DifC,

0.4101
0.6176
0,/131
0./(’)82
().q(j)i
0.8272
11,8446
o.t!57n
o,fl~hl
!),88/6
().fi95Q
[). J019
1).’)065
[1,’JIcIO

O!G211
0.0408
(1.059Q
0.0759
(),()915
0! 105’4
(),1101
0.1119
0.1542
‘1.171!1
,). lY,JI
(),2()11
().2155
1). )2”)6

414 Lump
Correct ion

1,0518
1.1(35)
1.1502
1.2165
1..!r44
1.1115
l,)J1,J
1.455n
1.5 H211
L,fls(]
1,8512
l, O(Jlfi
2.11”)8
>,)illtl
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Fiq. 3. The lump correction factor as a function of
fractional ciiff*rences bot weeo the peaks at 129 and
414 keV, 203 ar,d 414 keV, and 345 and 414 kaV.

of those qamea rays can be measured simultaco-
ously with tho 400-k@V peak. With transmissions
at thrte onorgica, it is poasiblo to uao a
sCraiqht-lino extrapolation, or to us. a quad-
ratic tit to calculato tha transmission at 414
keV, In addition, to apply th~ lump cor:ac’cion
for tl?e plutonium assay, it is aiso necessary
to calculato the trancmistiorr at L29 koV,
203 koV, and 345 keV.

Tho followinq is a comparison ot the two
mtthoda of extrapolatLorr and iut~rpoiation. A

l-cm CO1l of plutonium in a I-M nitric acid so-
lution of varying c!oncmnt.ratlnn~ is assunwrd for

th. sampie. !lecauue t,ho composition of tho sam-
ple 1s known, lt is pomskbla to calculate the

ransmismiun Cor the 116-keV, 27Q-kaV, .a,ld
400.keV poakrs of 75SS. It is also possiblm to
calculate the t.rarrsmissiorr at t.ho four plutonium
poa~ enecqies: L29, 203, 145, and 414 keV. A
Utraiqht-line Ckt. is parforlmad in the tn[-fLn(T)]
vs b?nk! sp~ce betwean 116 keV and 27) ktV, and
from this line the tlmrlgmlss]ons at. IJ’J kgV and
203 keV can be ,alcuiat.ed. Simi\ally, A
●~.r*iqht-line fit is also perfo!med betwaan ,?70
k@V and 4dfl keV, and the t r,tngm!ss,on, at )45
keV And 414 keV aIrI ,A1<,I ,,,t!cu! \t .1,1, rho corn
parisorr bmtwe~n the .otiwt ?ransmkss~on vaiucs
for the pllltonium amu:qtas ,$nf! I Ile interpolated
valuas is surwnarLaed ~n Fig, 4, It t-an be n{,t *,j
that (O I low ,<on[.antt,tt l(]r,s (~5[) q/t), both the
atrslqnt line Cit. and -ha !l!,,~,ii,tr i,. f it. ,!o ,quite
w.ll; at highar ,.t]r~ca!lt.z,\ti,jr\s the l{uadrati{. fit
in Ijottar i n ~.Al<.ul,tt ~.llq t he I lanrnmi9aiona,
Note that t.ho artrap.li,tt iIIn t,) 414 kaV ,s ,~,.,tt

rat. to ~0.3\ for both mothoris; either mbthcd
will provide a better doterm iation of the
transmission at 414 koV :han doss the tradi-
tional SGS method.

c~ Attenuation Correction ?acto~

In the traditional SGS procedures, the at-
tenuatiort correction factor is based on the
ap~rozimeto formula

-K~n~T~
CF(T) = “- ,

l-TK

whore K is a constant . 0,823. ‘,4 This correc
~~on factor is accurate to within 5S over ,!
#ide range of tranamissiona, While this correc
tion factor is adequate when opt imum Acrllr? (.,{
is n.rt required, it is possibla co impro,jm th-
accuracy by fitt.inq a function of the COIm4

I:F(T) = A + Rloq(T) + C [locj(T)]2 .

In a typiu,sl SI;S qeomor[y, A, B, And ~’ ‘.,111 ‘)*
,Ist.ermintard t.o .?iva :~F(T) wi.hln I’. 1% f,)( I), !IIII
>T>o.]o.

v. UB4PAEIWM NIT14 DKSTIIIJ(XIVE AMALYSIS

Table I <hclws Insults rot ii trtfllt It)ll .1:
S(; S ,As say I)C [no It an S?llt. s ,~al)etate,i fI )m ?I,,n

pytf>l.hemi(,al pro(:.$s. By arrsumlnq t I,* ! (,m\\,i
,$10 uniform plutonium spheres, U* I}, *VW!Rt 1,*! I
r h- mot.hr)d CO1 the 1Ump ,.<)1 ta,. t 11)!1 ,!es<l 11)-11
,il]’)v# . ‘This Assumes that !ha #t!t*ays ,lt !Iffm
ent ,j.vnme ray enet,jia$ ,*I* ill,!a[ *I II\mIl ,,,, ,, ,1,, ,t



t

?o-
5ogn

3- ,

xl

15-

10

i====+
.lo~

100 200 m m

Energy

w 2WOA1

I(MI :(U Im 400 500

Energy

.lo~
Im 100 a 5m

Energy

J++———————————+ + ““”

Iuo m MO 4m ?7111

Energy

Fiq. 4, Percent difforonco betwcon tho actual transmission and tho int.rmlated value usina a
Straight-1ine interpolation, and the purcent difference using a quadratic fit.

—. -—-.—

TML8 111

ADVADXXD SGS ASSA~ W MIS SALT

(L~-co~r.ctml amaym at 4M k#r. Tabulated valuss arm in q ~~%u. Th9 uncortaintioa
aro la raluwc zstbated Crrn countinq ●tatiatlca. )

414-kaV Result
~:orroctod by

sample i29.koV Rasult

ASH 1 19.7Q s 0,42
(standard)

XBLP 207 124.5 tool
XBLP-11O ‘91.7 t 0.2
XBLP .270 45.() s (),5
XBLP 100 111.5 * /.6

414-kaV Result
Corract.d by

203-koV Result—.——.

19,64 t (.7.44

414-koV Result
(~orrectod by

145-keV Reiult

19,64 r 0.14

lle~ to.]
91,0 to.]
$G,o r 0..4

16n40 t 0.2

LumP
Correction to
414-ko~~ Result Destructive
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Che traditional correcti~ns for matrix attenua-
tion, branching ratios, and count rate effects
have already been fi,ade. If the ratio of the
results obtained at different energies is 1,
there will be no correction. ‘T’h. LUmp COCKOC-
tions based on the 129/414, 203/414 and 3451414
ratios hav* been applied to the uncorrected
assay results shown in Table I. The corrected
rmsults are shown in Table III. We found good
agreement betwean the three independent lump-

corrected assay results. The lump correction
for these samples ranges from 1 to 5%. Destruc-

tive analysis of the samples is also shown in
Table 111. For the sample. XBLP-26? and

XBLP-270, the agreement is ex:ollent: for

samples X13LP-120 and 300, the lump-corrected
SGS assay results .re lo\ low. Additional
destructive analyses on other samples are in
progress.
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